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Near infrared spectroscopy 
tissue oxygenation in 
infants with bronchiolitis 
during mechanical 
ventilation and spontaneous 
breathing
ABSTRACT
Introduction. Near-infrared spectroscopy (NIRS) was used in infants with acute bronchiolitis as a noninvasive indicator of 
tissue oxygenation to determine regional tissue oxygen saturation (rStO2) and fractional tissue oxygen extraction (FTOE) 
during mechanical ventilation and spontaneous breathing. 
Methods. Twenty-seven infants with bronchiolitis that needed mechanical ventilation were included in a prospective study. 
Regional StO2 in brain, liver, kidney and skeletal muscle tissue was measured on admission to the Intensive Care Unit (ICU), 
on day 1 (D1); after two to three days of mechanical ventilation (D2); on the last day of mechanical ventilation (D3) and 
during spontaneous breathing (D4). Measurements were conducted by in-vivo optical spectroscopy. For research purposes 
we divided the infants according to C-reactive protein (CRP) levels, with a cut-off value of 10 mg/ml on admission, into low 
(l-CRP) and high (h-CRP) groups.
Results. During mechanical and spontaneous breathing we found lower StO2 and higher FTOE for skeletal muscle at D4 
compared to D1-D2 in the h-CRP group of patients. Differences between l- and h-CRP groups in rStO2 were found for brain 
tissue on D3, D4, and in rStO2 and FTOE for liver tissue on D3. A strong negative correlation was found between rStO2 
and FTOE in all tissues. A positive correlation was found between CRP and rStO2 and negative between CRP and FTOE in 
skeletal muscle among all patients combined. 
Conclusion. Only Infants with acute bronchiolitis in the h-CRP group have significant changes in rStO2 and FTOE in skele-
tal muscles during mechanical ventilation and spontaneous breathing. Regional StO2 and FTOE in all the other measured 
tissues never decreased below normal values. 
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copy (NIRS) has recently been widely 
introduced in operating theatres and 
intensive care units (ICUs). This is main-
ly for monitoring regional tissue oxygen 
saturation (rStO2) in children during 
and after heart operations, although it is 
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now used for many other clinical condi-
tions. The low threshold values of rStO2 
under which tissue desaturation can be 
harmful for organs have been defined. 
(1) Oxygen consumption (VO2) of the 
breathing and weaning processes in 
newborn infants can be reduced using 
certain modes of mechanical ventila-
tion. (2)
Bronchiolitis is the most common viral 
infection of the lower respiratory tract 
in infants. With severe infections, res-
piratory failure can ensue, especially in 
infants with specific risk factors. (3) As 
well as direct damage to target organs, 
viral pathogens can elicit inflamma-
tory responses, and severe infections 
can promote systemic inflamma-
tory response syndrome. This syn-
drome modifies the microcirculation, 
with changes in oxygen delivery and 
uptake. (4) 
No data are yet available regarding 
rStO2 under NIRS and fractional tis-
sue oxygen extraction (FTOE) in brain, 
liver, kidney and skeletal muscle tissue 
in infants with bronchiolitis and acute 
respiratory failure during mechanical 
ventilation and spontaneous breathing 
with mild or moderate inflammatory 
responses. We hypothesized that rStO2 
and FTOE might be disturbed in this 
group of patients. 
Participants and methods
Subject population
The study was approved by the Nation-
al Medical Ethics Committee of the 
Republic of Slovenia.
In this prospective study we included 
critically ill infants admitted with acute 
bronchiolitis between 2009 and 2011. 
They were treated in a Level III, multidis-
ciplinary Neonatal and Paediatric ICU at 
the Department of Paediatric Surgery 
and Intensive Care, Surgical Service, 
University Medical Centre, Ljubljana 
(Slovenia). The inclusion criteria were 
acute bronchiolitis with respiratory fail-
ure during and after mechanical ven-
tilation. On the basis of the C-reactive 
protein (CRP) cut-off value on admis-
sion, the infants were divided into two 
groups: those with low CRP (≤10 mg/
ml; l-CRP group) and those with high 
CRP (>10 mg/ml; h-CRP group).
Clinical data
The infant demographic data, arterial 
blood pressure, breathing frequency, 
fraction of inspired O2 in air, fraction 
of inspired oxygen (FiO2), transfusion 
and drug support data were collected 
from hospital documentation. CRP, 
total blood leukocyte count, pH and 
hemoglobin (Hb) were collected from 
laboratory data. Arterial oxygen satura-
tion (SaO2) was continuously meas-
ured by transcutaneous pulse oxymetry 
on a limb. On the basis of radiological 
criteria, the infants were classified into 
groups with simple radiological pulmo-
nary changes. (5)
Mechanical ventilation, sedation and 
analgesia
All of the infants were treated with con-
ventional mechanical ventilation and/or 
volume controlled intermittent manda-
tory ventilation when needed. To avoid 
having problems with ventilators, pain 
and distress sedation and analgesia 
were provided by continuous infusion 
of benzodiazepine (midazolam) and 
opioids (fentanyl), following the proto-
col for our ICU.
Measurement of regional tissue oxy-
genation
During hospitalization, we measured 
rStO2 of brain, liver and kidney tissue 
as well as skeletal muscle of the leg 
for all of the infants. We used a near-
infrared spectrometer for in-vivo opti-
cal spectroscopy (5100B; Somanetics 
Corporation; Troy, Michigan), which 
allows non-invasive and continuous 
monitoring of rStO2. (6) We pasted 
adhesive sensors onto the skin of the 
frontal part of the head, on the lumbar 
skin, under the right costal margin, 
and on the leg muscle. These sen-
sors detected changes in oxygenation, 
deoxygenation and total Hb concentra-
tion. (6) Tissue oxygenation was deter-
minated from the different signals that 
the sensors received, and expressed 
as percentages of venous oxygenated 
Hb. (7) To determine tissue oxygen 
uptake, we used rStO2 in brain, kidney, 
liver and skeletal muscle, along with 
SaO2. From the measured rStaO2 and 
SaO2, we calculated FTOE according 
to the formula: (SaO2 – rStO2)/SaO2. 
These measurements were taken at 
four specific times: on admission to 
ICU, day 1 (D1); after two or three days 
of mechanical ventilation (D2); on the 
last day of mechanical ventilation (D3); 
and during spontaneous breathing, 
without extra oxygen supply (D4). Each 
measurement lasted 1 hour. These 
were compared with normal values 
from the literature for rStO2 of brain, 
liver, kidney and skeletal muscle and 
Table 1. Normal means and ranges from the literature (8-11) for tissue oxyge-
nation (rStO2) and oxygen extraction (FTOE) in the brain, liver, kidney 

























Data are expressed as means ±standard deviation (range).
*NA, data not available
†Two different means from the literature 
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from the literature for FTOE of the brain 
and kidney of infants (table 1). (8 -11) 
Statistical analysis
The data are given as means ±SD 
and medians with 25 and 75 quartiles 
(interquartile range, IQR). The impact 
of lower and higher CRP levels on the 
main variables (heart rate, mean arterial 
pressure, SaO2, breathing frequency, 
leukocytes, Hb, pH, partial oxygen pres-
sure, FiO2, rStO2, FTOE) were tested 
with Mann – Whitney U-tests. Changes 
in the variables for D1, D2, D3 and D4 
were analysed using analysis of vari-
ance (Friedman ANOVA). Pearson Chi-
squared with Yates correction was used 
when gender and use of dopamine, 
antibiotics and pulmonary X-rays were 
compared. The Spearman correlation 
test was applied to determine the cor-
relations between CRP, SaO2, rStO2 
and FTOE. A P < .05 was considered 
as statistically significant. For the sta-
tistical analysis, SPSS version 22 (for 
WindowsTM, SPSS Inc., Chicago, IL, 
USA) was used.
Results
During the study period, 27 infants with 
acute bronchiolitis who were admitted 














39 (21-63) 57 (25-87) .31
Body weight 
(grams)
4460 (3500-4860) 3640 (2983-4841) 4500 (3690-4870) .20
Gender 
(male/female)
13/14 6/2 7/12 .16
Treatment duration  
(days)
6 (5-9) 7 (5-11)
6 (5-9)
.67
C-reactive protein (mg/l) 17 (5-52) 3 (3-5) 36 (16-64) .000
Antibiotic treatment (n, %) 25 (93%) 6 (75%) 19 (100%) .88
Dopamine use (n, %) 6 (22%) 2 (25%) 4 (21%) .86
Noradrenaline use (n, %) 2 (7%) 1 (13%) 1 (5%) .55
Blood transfusion (n, %) 18 (67%) 4 (50%) 14 (74%) .84
Confirmed bronchiolitis†(n/N, %) 14/15 (93%) 5/6 (83%) 9/9 (100%) .81
CRP, C-reactive protein; h, high; l, low. 
*P calculated with Mann-Whitney U test for l – CRP group versus h – CRP group (asym. sig. 2-tailed) and chi-squared test
†following lung X-ray on admission
Table 3.  Arterial oxygen saturation (SaO2) for all of the infants and between the l-CRP and h-CRP groups, across the 
measurement days.









D1 96 (94-98) 98 (95-100) 96 (93-97) .18
D2 96 (94-97) 95 (93-97) 96 (95-97) .20
D3 96 (95-98) 96 (94-99) 97 (95-98) .71
D4 98 (95-99)† 98 (95-99) 97 (95-99) .98
CRP, C-reactive protein; D1, at admission; D2, after two or three days of mechanical ventilation; D3, on the last day of mechanical ventilation; 
D4, during spontaneous breathing, a day before discharge; h, high; l, low.
*P calculated with Mann-Whitney U test for l – CRP group versus h – CRP group
†P < .05 vs. D2 and D3, statistically significant difference calculated with Friedman ANOVA
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between 2009 and 2011 and mechani-
cally ventilated in the 14-bed multidis-
ciplinary Paediatric and Neonatal ICU 
were included in the NIRS measure-
ments. According to the defined CRP 
cut-off values on admission, the infants 
were divided into the l-CRP group (≤10 
mg/ml; l-CRP group; n = 8) and the 
h-CRP group (>10 mg/ml; h-CRP 
group; n = 19). Table 2 shows the 
demographic characteristics of these 
infants, both collectively and according 
to their CRP groups. In 23 of the infants 
(85%), the polymerase chain reac-
tion analysis for Respiratory Syncytial 
Virus was positive. In the l-CRP group, 
Human Bocavirus and Enterovirus were 
detected for 1 infant, and virological 
testing for respiratory viruses remained 
negative for 1 infant. In the h-CRP 
group, Enterovirus and Rotavirus were 
detected. When there was suspicion of 
bacterial infection after cultures were 
taken, antibiotic treatment was started, 
according to antibiogram sensitivities. 
The bacteria isolated were as follows: 
Heamophilus influenzae, Streptococ-
cus pneumoniae, Moraxella catarrhalis, 
Pseudomonas aeruginosa, Escherichia 
coli, Enterobacter cloacae, Serratio 
Table 4.  Regional tissue oxygenation (rStO2) for all of the infants and between the l-CRP and h-CRP groups across the 
measurement days, according to brain, liver, kidney and skeletal muscle. 










D1 66.00 (57.00-74.00) 70.50 (59.25-77.75) 64.00 (56.00-74.00) .52
D2 73.00 (67.00-81.00)† 78.00 (69.25-84.75)†‡‡ 72.00 (66.00-79.00) .21
D3 70.00 (63.00-85.00) 81.00 (70.25-83.25) 69.00 (62.00-76.00) .03
D4 71.00 (65.00-74.00) 75.00 (67.00-84.00) 67.50 (64.25-72.75) .04
Liver
D1 69.00 (63.25-75.50) 69.50 (60.25-76.50) 69.00 (63.25-75.75) .92
D2 71.00 (58.75-77.50) 71.00 (53.00-75.00) 71.00 (60.00-79.00) .26
D3 75.00 (67.00-80.75)‡ 66.00 (60.00-76.00) 79.00 (72.00-81.00)‡‡‡ .04
D4
69.00 (62.00-76.00)
69.00 (66.00-75.00) 68.00 (60.50-79.50) .95
Kidney
D1 77.00 (71.00-82.00) 78.50 (69.00-82.75) 77.00 (71.00-82.00) .95
D2 79.00 (71.00-84.00) 81.00 (70.50-83.75) 78.00 (71.00-84.00) .77
D3 82.00 (74.00-84.50)†‡ 77.00 (73.00-83.50) 83.00 (74.00-85.50) .27
D4 76.00 (71.00-84.00) 75.00 (71.00-80.00) 78.50 (71.75-86.50) .44
Skeletal muscle
D1 78.50 (64.50-83.00) 74.00 (60.50-85.00) 80.00 (67.50-83.00) .71
D2 82.00 (75.00-86.00)‡‡ 80.00 (70.75-83.50) 82.00 (75.00-87.00) .33
D3 76.00 (69.50-85.75) 71.50 (61.00-82.75) 83.00 (73.25-87.50)†‡‡‡ .15
D4 73.00 (66.00-82.00) 77.00 (70.00-77.00) 72.00 (65.25-82.00)‡‡‡‡ .25
D1, on admission; D2, after two or three days of mechanical ventilation; D3, on the last day of mechanical ventilation; D4, during spontaneous 
breathing, a day before discharge; h, high; l, low.
*P calculated with Mann-Whitney U test for l – CRP group versus h – CRP group
† P < .05 vs.D1, statistically significant difference calculated with Friedman ANOVA
‡ P < .05 vs.D2, statistically significant difference calculated with Friedman ANOVA 
†‡ P < .05 vs.D1, statistically significant difference calculated with Friedman ANOVA
‡‡ P < .05 vs.D3 and D4, statistically significant difference calculated with Friedman ANOVA
†‡ ‡P < . 05 vs.D1, statistically significant difference calculated with Friedman ANOVA 
‡‡‡ P < . 05 vs.D1 and D2, statistically significant difference calculated with Friedman ANOVA
†‡‡‡ P < . 05 vs.D1 and D2, statistically significant difference calculated with Friedman ANOVA
‡‡‡‡ P < . 05 vs. D1, D2, D3 , statistically significant difference calculated with Friedman ANOVA
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liquefaciens, Staphylococcus aureus, 
and Stenotrophomonas maltophilia. 
Between the CRP groups, there were 
no differences in antibiotic use.
Arterial oxygen saturation
There were no significant differences 
in SaO2 between the l-CRP and h-CRP 
groups or according to the measure-
ment days during admission to the 
ICU (D1-D4) for the l-CRP and h-CRP 
groups (table 3).
Tissue oxygenation (rStO2) of brain, 
kidney, liver and skeletal muscle
For skeletal muscle in the h-CRP group, 
rStO2 difference for D4 (during sponta-
neous breathing) compared with D1-D3 
(during mechanical ventilation), was 
significant (P < .05). For the other three 
tissues in the study (brain, liver and 
kidney), there were no significant differ-
ences in rStO2 between D4 and each of 
the measurement days when patients 
were mechanically ventilated (D1 - D3). 
However, considering the comparison 
between the l-CRP and h-CRP groups, 
there was a significantly lower rStO2 in 
brain tissue on the last day of mechani-
cal ventilation and spontaneous breath-
ing (D3, D4) (P = .03; P = .04) and 
higher rStO2 in liver tissue in the h-CRP 
group on the last day of mechanical 
ventilation (D3) (P = .04) (table 4). 
Fractional tissue oxygen extraction 
(FTOE) in brain, liver, kidney and skel-
etal muscle
Table 5 shows the median FTOE for 
each of the measurement days for all 
of the infants together and for the l-CRP 
and h-CRP groups. In liver we found 
a significant higher FTOE on D4 com-
pared to D3 (P < .05) in the h-CRP 
group. In skeletal muscle we also found 
a significantly higher FTOE on D4 com-
pared to D1 and D2 (P < .05; P < .05), 
in the h-CRP group. On D3 and D4, in 
the brain there was a higher FTOE in the 
h-CRP group compared to the l-CRP 
group, but it did not reached signifi-
Table 5.  Fractional tissue oxygen extraction (FTOE) for all of the infants and between the l-CRP and h-CRP groups 











D1 0.29 (0.17-0.39) 0.29 (0.20-0.35) 0.32 (0.14-0.43) .90
D2 0.22 (0.14-0.30)† 0.17 (0.10-0.27)‡‡ 0.25 (0.14-0.31) .24
D3 0.28 (0.15-0.34) 0.15 (0.14-0.28) 0.30 (0.21-0.36) .06
D4 0.27 (0.23-0.33) 0.22 (0.12-0.32) 0.29 (0.25-0.33) .08
Liver
D1 0.26 (0.16-0.31) 0.29 (0.18-0.39) 0.25 (0.14-0.31) .47
D2 0.24 (0.17-0.38) 0.25 (0.17-0.46) 0.22 (0.17-0.30) .30
D3 0.21 (0.16-0.29) 0.31 (0.21-0.38) 0.20 (0.15-0.26) .04
D4 0.27 (0.22-0.34)‡ 0.27 (0.25-0.31) 0.28 (0.20-0.34)†‡‡ .74
Kidney
D1 0.17 (0.08-0.28) 0.21 (0.10-0.29) 0.15 (0.07-0.28) .40
D2 0.15 (0.09-0.26) 0.15 (0.11-0.25) 0.18 (0.09-0.26) .96
D3 0.16 (0.11-0.22) 0.19 (0.16-0.25) 0.14 (0.10-0.21) .18
D4 0.18 (0.14-0.24) 0.23 (0.16-0.29) 0.17 (0.11-0.22) .20
Skeletal muscle
D1 0.16 (0.12-0.29) 0.24 (0.10-0.39) 0.15 (0.12-0.22) .31
D2 0.14 (0.04-0.20)†‡ 0.16 (0.10-0.25) 0.12 (0.03-0.20) .22
D3 0.20 (0.12-0.27) 0.25 (0.15-0.36) 0.15 (0.10-0.23)‡‡‡ .13
D4 0.22 (0.17-0.33) 0.21 (0.19-0.26) 0.23 (0.17-0.34)†‡‡‡ .50
CRP, C-reactive protein; D1, on admission; D2, after two or three days of mechanical ventilation; D3, on the last day of mechanical ventilation; 
D4, during spontaneous breathing, a day before discharge; h, high; l, low.
*P calculated with Mann-Whitney U test for l – CRP group versus h – CRP group 
†,P < .05 vs. D1, statistically significant difference calculated with Friedman ANOVA 
‡P < .005 vs. D3, statistically significant difference calculated with Friedman ANOVA
†‡ P < .05 vs. D3, D4, statistically significant difference calculated with Friedman ANOVA
‡‡ P < .05 vs. D1, statistically significant difference calculated with Friedman ANOVA
†‡‡ P < .05 vs. D3, statistically significant difference calculated with Friedman ANOVA
‡‡‡ P < .05 vs. D2, statistically significant difference calculated with Friedman ANOVA
†‡‡‡ P < .05 vs. D1, D2, statistically significant difference calculated with Friedman ANOVA
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cance (P = .06; P = .08); conversely, 
in the liver, the lower FTOE in the h-CRP 
group compared to the l-CRP group at 
D3 reached significance (P = .04).
Correlations among CRP, SaO2, rStO2 
and FTOE in brain, liver, kidney and 
skeletal muscle
Table 6 gives the correlations between 
the SaO2 and FTOE. There were posi-
tive correlations in all tissues, though 
statistically significant positive correla-
tions were found only for the h-CRP 
group of patients in kidney tissue (r = 
.253; P = .039).
Table 7 shows the correlations between 
the SaO2 and rStO2. No statistically 
significant correlations were found in all 
groups of patients.
There were strong negative correlations 
between the rStO2 and FTOE for all of 
the tissues across all of the groups (P 
< .001) (table 8).
In tables 9 and 10 correlations between 
CRP and rStO2, and CRP and FTOE 
in all of the tissues are presented. A 
positive correlation between CRP and 
rStO2 (r = .297; P = .004) and negative 
between CRP and FTOE (r = -.360; P 
= .000) was found in skeletal muscle 
in all infants combined. No significant 
correlations were found in the other 
three tissues.
Discussion
The main finding of our study is that 
in infants with acute bronchiolitis (dur-
ing and after mechanical ventilation), 
and mild or moderate inflammatory 
responses on admission and thereaf-
ter, the rStO2 and FTOE levels in the tis-
sues measured never decreased below 
normal values. The second particular 
finding is that for all of the infants com-
bined , and for the h-CRP subgroup in 
particular, the rStO2 of skeletal muscle 
during spontaneous breathing before 
discharge from the ICU (D4) was lower 
and FTOE was higher compared to 
the first and third day of mechanical 
ventilation (D1, D2). In liver tissue, a 
higher FTOE at D4 compared to D3 was 
also found. Moreover, there were higher 
rStO2 and lower FTOE in liver in the 
h-CRP group compared to l-CRP group 
during the last day of mechanical ven-
tilation (D3). Furthermore, there were 
lower rStO2 and higher FTOE in brain 
tissue in the h-CRP group compared 
to l-CRP group during the last day of 
mechanical ventilation and spontane-
ous breathing (D3, D4). There were also 
highly significant negative correlations 
between rStO2 and FTOE in skeletal 
muscle, as well as in the other three 
tissues, for all of the infants together 
and for both of the CRP groups. But, 
on the other hand, positive correlations 
between CRP and rStO2 and negative 
between CRP and FTOE in skeletal mus-
cle in the combined group of infants, as 
well as in the l-CRP and h-CRP groups 
of patients, might indicate that tissue 
oxygen delivery and extraction were 
not critically but only mildly disturbed. 
Table 6.  Correlations between SaO2 and FTOE in the brain, liver, kidney and skeletal muscle.







r† P* r P r P
Brain .172 .091 .117 .532 .157 .203
Liver .199 .053 .334 .076 .160 .200
Kidney .286 .004 .330 .070 .253 .039
Skeletal muscle .214 .037 .246 .183 .220 .078
CRP, C-reactive protein; FTOE, fractional tissue oxygen extraction; h, high; l, low; SaO2, arterial oxygen saturation.
P* statistical significance
r† Spearman’s correlation coefficient
Table 7. Correlations between SaO2 and rStO2 in the brain, liver, kidney and skeletal muscle.







r† P* r P r P
Brain .064 .532 .019 .919 .127 .306
Liver .110 .287 -.146 .450 .200 .107
Kidney .092 .365 -.133 .476 .173 .162
Skeletal muscle .096 .354 -.033 .858 .117 .352
CRP, C-reactive protein; h, high; l, low; rStO2, regional tissue oxygen saturation; SaO2, arterial oxygen saturation.
P* statistical significance
r† Spearman’s correlation coefficient 
 21www.signavitae.com
However, in interpreting these results 
we have to be cautious because when 
we use the mathematical coupling 
between rStO2 and FTOE we should be 
aware that interpretation of preserved 
or impaired tissue auto-regulation is 
very difficult and even speculative by 
using just these two variables without 
additional data i.e. Doppler flow as has 
been shown by Walsh TS. (12) Com-
bining only these two methods may 
give reliable results and interpretation 
of preserved or impaired tissue auto-
regulation. (13) 
Many studies have attempted to define 
the clinical significance and value of 
measuring tissue oxygenation satura-
tion by NIRS in various tissues. While 
the values of brain oxygen desaturation 
at which we can expect neurological 
deficit have been estimated at between 
40% and 50%, the NIRS values in the 
somatic organs have not been so clear-
ly defined. Stapleton et al. (14) studied 
the optimal values of oxygen saturation 
in the mesenterial area. They reported 
that when regional oxygen desaturation 
of the splanchnic area in infants with 
pulmonary atresia and intact ventricu-
lar septum with adequate and stable 
pulmonary flow dropped to 24.5%, this 
was related to the appearance of necro-
tizing enterocolitis. Hoffman et al. (15) 
showed that measurements of kidney 
saturation can predict acute renal fail-
ure after heart operations in neonates. 
In children with pernicious anemia, Raj 
et al. (16) reported that measurements 
of rStO2 can predict those patients who 
are at increased risk of brain hypoxia 
during the awake and sleep states. In 
our infants, there was a strong negative 
correlation between rStO2 and FTOE, 
which indicated that during the lower-
ing of rStO2, FTOE in all four of these 
observed tissues increased, and there-
fore oxygen delivery and consumption 
are not likely to be critically disturbed. 
Petrova and Mehta (8) showed that a 
reduction in cerebral and kidney oxy-
genation during which arterial satura-
tion decreases from 70% to 80% has an 
increased FTOE in kidney, while its use 
in cerebral tissue did not significantly 
change. In our study, SaO2 positive-
ly correlated with FTOE in both cer-
ebral and kidney tissues (table 6). How 
mechanical ventilation and spontane-
ous breathing under different clinical 
conditions during brain hypoxia might 
affect rStO2 and FTOE were also inves-
tigated by Chien et al. in animal studies. 
They showed that in the animal model 
with and without hypoxia induced by 
decreasing the frequency of mechani-
cal ventilation from 40 per min to 20 
per min, rStO2 of the brain decreased, 
but FTOE increased in both groups of 
animals. (17)
During the third days of mechanical 
ventilation (D2), CRP was the highest 
for all of the infants together as well 
as in both of the CRP groups, which 
indicated mild-to-moderate inflam-
matory responses with some signs of 
systemic inflammatory response syn-
drome. Afterwards, the CRP decreased 
significantly in these infants, until they 
started breathing spontaneously. While 
we found for all of the infants and for the 
Table 8. Correlations between FTOE and rStO2 in the brain, liver, kidney and skeletal muscle.







r† P* r P r P
Brain -.915 <.001 -.984 <.001 -.886 <.001
Liver -.879 <.001 -.969 <.001 -.834 <.001
Kidney -.841 <.001 -.966 <.001 -.794 <.001
Skeletal  muscle -.897 <.001 -.970 <.001 -.865 <.001
CRP, C-reactive protein; FTOE, fractional tissue oxygen extraction; h, high; l, low; rStO2, regional tissue oxygen saturation.
P* statistical significance 
r† Spearman’s correlation coefficient
h-CRP group that during mechanical 
breathing there was decreased FTOE in 
skeletal muscle, as compared to spon-
taneous breathing, these changes were 
not seen for the l-CRP group. We were 
not able to measure the consequent 
serum lactate levels in all blood sam-
ples, but blood samples, which were 
occasionally taken on our patients, had 
lactate levels within reference values.
Moreover, the pH values taken at the 
same time when these other measure-
ments were carried out were all in the 
normal range. 
Because of a decreased FTOE that was 
found in skeletal muscle in the h-CRP 
group on D1 and D2 compared to D4, 
we speculate that the infants in the 
h-CRP group might have had stronger 
inflammatory responses than those in 
the l-CRP group, which could affect the 
microcirculation in the tissues. 
In systemic inflammatory response 
syndrome, the microcirculation can be 
affected in several ways. There is an 
increase in the number of nonperfused 
capillaries and systemic vascular per-
meability, and in addition there is disrup-
tion of autoregulation of the local blood 
flow. (9) Part of the tissue, where there 
is a reduced flow of blood through the 
capillaries, can become hypoxic, which 
will result in a reduction in FTOE in the 
affected tissues. (18) At the same time, 
the blood flow in the tissues increases, 
which is why tissue saturation does not 
change, or might even increase. (6) So 
we would expect that rStO2 between 
the l-CRP and h-CRP groups will not be 
different. This has been demonstrated 
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in kidney and skeletal muscle. For the 
latter, our results are in agreement with 
the study by Strahovnik and Podbregar. 
(6) Statistically significant differences 
were seen between l-CRP and h-CRP 
groups of patients for brain tissue on 
D3 and D4 and for liver tissue on the last 
day of mechanical ventilation (D3). In 
the l-CRP group, the brain rStO2 during 
D3 and D4 was 81.00% and 75.00%, 
consecutively and in the h-CRP group, 
69.00% and 67.00%, consecutively. 
The liver rStO2 during D3 in the l-CRP 
group was 66.0%, while in the h-CRP 
group, it was higher, 79.00 percent. 
We expected that maybe under the 
stronger inflammatory response, there 
would be differences in FTOE in kid-
ney and skeletal muscle between the 
two CRP groups, and that the FTOE 
values of the h-CRP group would be 
higher consequently. Comparing FTOE 
between the two CRP groups, we 
observed that the FTOE values in the 
h-CRP group were on average higher 
than in the l-CRP group in the brain at 
D3 and D4, but lower in the liver at D3. 
At the same time, no differences for 
kidney and skeletal muscle were found 
between the two CRP groups. Why was 
there a difference in rStO2 and FTOE 
only in brain and liver tissue, but not 
in the kidney and skeletal muscle and 
why, apart from skeletal muscle and 
liver, was there no difference between 
spontaneous breathing and mechani-
cal ventilation in neither the l-CRP nor 
in the h-CRP subgroups of patients? At 
present, we are not able to specifically 
explain these data. What we can con-
firm from our data is that CRP positively 
correlates with rStO2 and negatively 
with FTOE in skeletal muscle (tables 
9 and 10), but not for the other three 
studied tissues and this might be the 
cause for differences found in skeletal 
muscle.
In regard to the liver, we can only spec-
ulate that the systemic inflammatory 
response in the infants in the h-CRP 
group increased the blood flow to the 
liver and the lower FTOE was just com-
pensated for by higher blood flow, but 
no correlations were found between 
CRP and rStO2 and CRP and FTOE to 
explain this speculation. As we already 
mentioned above, we should be aware 
Table 9. Correlations between CRP and rStO2 in the brain, liver, kidney and skeletal muscle.







r† P* r P r P
Brain -.0.03 .773 -.225 .241 .150 .242
Liver -.013 <.905 -.207 .300 -.043 .739
Kidney -.052 <.632 .281 .140 -.055 .666
Skeletal  muscle -.297 <.004 .352 .061 .246 .056
CRP, C-reactive protein; h, high; l, low; rStO2, regional tissue oxygen saturation.
P* statistical significance 
r† Spearman’s correlation coefficient
Table 10. Correlations between CRP and FTOE in the brain, liver, kidney and skeletal muscle.







r† P* r P r P
Brain -.066 .531 -.251 .190 -.147 .252
Liver -.060 .579 .173 .389 -.008 .949
Kidney -.155 .140 -.333 .077 -.027 .836
Skeletal  muscle -.360 <.000 -.350 .063 -.299 <.019
CRP, C-reactive protein; FTOE, fractional tissue oxygen extraction; h, high; l, low.
P* statistical significance 
r† Spearman’s correlation coefficient
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that interpretation of preserved or 
impaired tissue auto-regulation is very 
difficult and even speculative by using 
just these two variables without addi-
tional data i.e. Doppler flow. (12,13) 
The other possibility might be the use 
of vasopressors, which have influence 
on the blood flow to the organs. Indeed, 
the use of vasopressor drugs can sig-
nificantly affect the transport and uptake 
of oxygen not only in muscle, but also in 
other organs, as well as during system-
ic inflammatory response syndrome 
itself. Catecholamines (e.g., dopamine, 
norepinephrine) have various effects on 
the distribution of oxygen through their 
vasoactive actions. (19-22) In addition 
to these vasoactive actions of the cat-
echolamines, as adrenergic agonists 
they also have metabolic effects on 
tissues, which can result in increased 
oxygen consumption, VO2 due to the 
increased energy needs of the tissues. 
Increased demand of peripheral tissue 
due to increased metabolism might pre-
vail over the catecholamine effects of 
increased peripheral delivery of O2-rich 
blood. (20) It is therefore difficult to 
evaluate any critical assessment of the 
impact of catecholamines on the hepat-
osplanchnic circulation in our patients, 
as so far in different published studies 
there have been conflicting opinions 
of vasoactive and metabolic effects of 
dopamine and norepinephrine in the 
hepatosplanchnic vascular network. 
(19,23-25)
From the number of studies and the 
different results obtained relating to 
the effects of dopamine and norepine-
phrine on the hepatosplanchnic circu-
lation, these suggest a complex mech-
anism for the regulation of blood flow in 
the hepatosplanchnic area. Differential 
effects of dopamine and norepine-
phrine might depend on the intensity of 
the clinical course, due to the different 
sensitivities of the adrenergic recep-
tors and/or to the different doses of 
drugs used. (20) However, only a few of 
the infants in our study had dopamine 
(22%) or norepinephrine (7%) support, 
with no differences between these for 
the l-CRP and h-CRP groups; there-
fore, we can exclude possible effects of 
vasopressors in our group of infants.
Finally, in the interpretation of our data, 
we need to consider the significance 
of transfusion in the oxygenation of tis-
sues, although we did not find any dif-
ferences in the number of transfusions 
between the l-CRP and h-CRP groups. 
A number of studies have questioned 
the possible contributions of transfu-
sions to increased tissue oxygenation. 
(9,16,18,26) If the transfusion does not 
contribute to the improvement of tis-
sue oxygenation, the potential causes 
might be the disruption of the micro-
circulation or modified features of the 
red blood cells (e.g., their age, any 
endogenous deformation). (27) From 
the above data, we can exclude blood 
transfusion as the cause for the dif-
ferences in tissue oxygenation seen 
here.
A weakness of our study is that we failed 
to obtain any sudden oxygen desatura-
tion, which can appear in the first few 
days in infants with acute bronchiolitis. 
One of the limitations of our study is the 
small number of participants, although 
the group was very homogeneous, as 
all of the infants weighed less than 5 kg, 
and the levels of CRP in the two groups 
at entry into the study showed an evi-
dent difference for these infants, in 
terms of the l-CRP and h-CRP groups. 
The last but not least weakness is that 
we did not measure Doppler flow and 
therefore interpretation of preserved or 
impaired tissue auto-regulation is very 
difficult and even speculative.
In conclusion we can say that we have 
shown that during mechanical ventila-
tion of infants with acute bronchiolitis, 
there were no major disturbances in 
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